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ABSTRACT:

Understanding the role of extracellular signals in extremely important for the
development of tissue engineered models. For the transplantation of the tissue engineered
models, there is need develop growth free approaches. These in vitro models will help in
eliminating the immune rejection during transplantation. Alternatively, they will help in
development of the personalized regenerative medicine for the patients. Thus, the present study

deals with understanding the role of extracellular signals in tissue engineered models.

In the first study, we developed silk fibroin protein and gelatin-based conjugated bioink,
which showed localized presence and sustained release of calcium. This study generated
unprecedented mechanistic insights on the role of fibroin-gelatin-CaClI2 bioink in modulating
expression of several proteins which are known to play crucial role in bone regeneration as
well as key signalling pathways such as p-catenin, BMP signalling pathway, Parathyroid
hormone-dependent signalling pathway, Forkhead box O (FOXO) pathway, and Hippo
pathways in hMSC-laden bioprinted constructs.

In second study, we developed hybrid liver-specific three-dimensional (3D) printed
scaffolds using a solubilized native decellularized liver (DCL) matrix and silk fibroin (SF) and
investigated their ability to support functional cultures of hepatic cells. In comparison to 2D
controls, hepatic cells cultured on 3D SG—DCL revealed increased proliferation until 2 weeks
and an upregulated expression of hepatocyte markers, including asialoglycoprotein receptor 1
(ASGR1). The Wnt pathway gene B-catenin was upregulated by more than 4-fold in 3D
SG-DCL on day 3, while it showed a decline on day 7 as compared to 3D SG and also 2D
controls. The expression of the epithelial cell adhesion molecule (EpCAM) was however lower
in both 2D SG—DCL (2-fold) and 3D SG—DCL (2.5-fold) as compared to that in 2D controls.
Immunofluorescence studies validated the protein expression of ASGRI1 in 3D SG—DCL.
Albumin (ALB) was not identified on SG scaffolds but prominently expressed in 3D SG-DCL
constructs. In comparison to 2D SG, both ALB (1.8-fold) and urea (5-fold) were enhanced in
cells cultured on 3D SG—DCL on day 7 of culture. Hence, the SG—DCL 3D printed scaffolds
provide a conducive microenvironment for elevating differentiation and functions of hepatic

cells possibly through an involvement of the Wnt/B-catenin signalling pathway.

In third study, investigated the role of calcium supplementation in controlling
macrophage phenotypes in pro-inflammatory and pre-reparative states. The involvement of

iv



oxidative defence and mitochondria in cellular plasticity and the sequential M0 to M1 and M1
to M2 transitions was observed after calcium supplementation. This study describe the
molecular mechanism of reactive oxygen species signalling and drive the interconnected
cellular plasticity of macrophages in the presence of calcium. Gene expression analysis,
followed by immunostaining, revealed a relationship between MHC class Il maturation and
cellular plasticity. It helped to elucidate the role of controlled calcium supplementation under
various conditions. These findings underscore the molecular mechanism of calcium-mediated
immune induction and its favourable use in different biomaterials, which is of great

significance for tissue regeneration.

In fourth study, we examined the effect of paracrine factors secreted from the direct
interaction of M2 macrophages and the 3D OA microcartilage model in the presence and
absence of interleukins (IL). M2 macrophages stimulated the expression of collagen-2, matrix
metalloproteinase (MMP)-1, and MMP-13 3D OA microcartilage models, indicating cartilage
regeneration. This indicates that factors produced by M2 macrophages induce chondrocytes
with anti-inflammatory and extracellular matrix (ECM) regeneration and remodelling
properties, irrespective of exogenous ILs. Interestingly, the 3D OA microcartilage model de-
differentiated M2 macrophages into monocytes and M1 macrophages, indicating probable
crosstalk between both cell types. Paracrine factors of M2 macrophages and chondrocytes also
help in reversing the 3D OA microcartilage model to healthy articular cartilage by upregulating
the production of collagen-2 and not into fibrous cartilage by downregulating the production

of collagen-1.



L3RS

Fsh S Aieet o foaermd o g sTeia Hecadul # ser dekdl s S{HehT 1 HHEHT Fdsh IS Aied &
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#rR 3D SG-DCL (2.5-7) i & 2D it &t g # &0 offl sedies sterei = 3D SG-DCL #
ASGRI #i Wi stfireafe st =1 foram wesafid (ALB) i wgam SG w=mi = =& #i i€ off, @feks 3D SG-DCL
fmioft & soperar & = 6t 8 offl 2D SG & g #, ALB (1.8-m) sf afer (5-r) 2 & wepfa % 7 &7 3D
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AT 2 o T 2 eIk ST ScdTied e Sfesiia ST o aasie, foiedt weahrs i aer ffdaa (SEiew) gaeim 3t
feitefef Uit o @ digETseE H AT Fd &) foereer a1 a7 § 6 3 A Agmrmieerst ded 4 w2 Hehiee @
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